Abstract: Pigeon, doves and songbirds are hosts of the parasite Trichomonas gallinae (Rivolta, 1878), which causes avian trichomonosis. Raptors are infected when they digest infected prey. A high percentage of the diet of Eurasian sparrowhawk Accipiter nisus (Linnaeus) is comprised of birds. During the breeding season 2012 and 2013, we clinically tested 298 nestling Eurasian sparrowhawks from urban and rural areas of the Czech Republic for the presence of trichomonads. Sparrowhawk nestlings in the urban area were more infected (32.9%) than in the rural area (12.2%) in 2012 (χ 2 = 6.184, P = 0.045). The number of infected nestlings dropped in the urban area (5.4%) and remained similar in the rural area (16.6%) in 2013. Sequences of ITS region and SSU rDNA confirmed that the isolates from infected sparrowhawk nestlings belonged to Trichomonas gallinae.
The Eurasian sparrowhawk Accipiter nisus (Linnaeus) is a common raptor that preferably breeds in woods and forests where it can find an abundance of prey (Newton 1986) . Large cities also provide sufficient amounts of prey and sparrowhawks have been found to be breeding in various towns and cities across Europe (Fraissinet and Fulgione, 2008) . Prague city has been colonised by sparrowhawks since the early 1980's and the population varies between 45-55 breeding pairs (Peške in Fuchs et al. 2002) . The specificity of the urban environment brings some hazards such as a higher risk of collision and an increased concentration of diseases (Chase and Walsh 2006) .
Urban pigeons and doves are frequently reported to be infected by various diseases including trichomonosis caused by Trichomonas gallinae (Rivolta, 1878) (Phan et al. 2013) . Trichomonosis was also found in songbirds such as the European greenfinch, Carduelis chloris (Linnaeus), common chaffinch, Fringilla coelebs Linnaeus, hawfinch, Coccothraustes coccotraustes (Linnaeus), and Eurasian blue tit, Cyanistes caeruleus (Linnaeus) in western and northern Europe (Robinson et al. 2010) . Since small and medium-sized birds comprise 97% of the sparrowhawk's diet during the breeding season (Newton 1986), the sparrowhawks have a high probability of encountering the parasite through ingestion of infected prey.
Modern molecular techniques allow genetic characterisation of the strains found in infected birds. By using the ITS region (ITS1-5.8S rDNA-ITS2) and SSU rDNA (small subunit ribosomal RNA gene), the diversity of the Trichomonadidae has been examined in various studies (Kleina et al. 2004) . However, only a few studies characterised T. gallinae from birds of prey using molecular data (Krone et al. 2005 , Sansano-Maestre et al. 2009 , Chi et al. 2013 .
The main aim of the present study was to determine the prevalence of trichomonads in Eurasian sparrowhawks in the urban population of Prague and the rural population in northern Bohemia. A higher infection rate in urban sparrowhawks was suggested because of the high concentration of birds, especially pigeons (Fuchs et al. 2002) . Additionally, we determined the genotype of trichomonads from sparrowhawks.
MATeriAlS And MeThodS
The study was conducted in two areas. The first was an urban area of Prague, Czech Republic (~240 km 2 -a circle in the central Prague with a radius of 8.7 km), where sparrowhawks breed in parks, gardens, cemeteries and urban greenery. The second study area was situated in the 'rural' Liberec region of north Bohemia, where sparrowhawks are found in large blocks of forest. The distance between the two areas is approximately 100 km, which is large enough to eliminate any contact between the two populations during the breeding season (Fig. 1) . The maximum home range size was found to be 12.3 km 2 for females in Norway (Selas and Rafos 1999) . In both areas the data collection was conducted during the breeding season from May to July 2012 and 2013. Sparrowhawks' nestlings (at the age of 20-24 days) were clinically tested for the presence of trichomonads using InPouch TF Tritrichomonas foetus (Riedmüller, 1928) test kits (Biomed Diagnostics, San Jose, California, USA), suitable for diagnosis of Trichomonas gallinae (see Cover et al. 1994) . Swab samples were collected from the oral cavity, transferred into the InPouch medium, cultured in 37 °C for 6 days and examined microscopically (100× magnification) for the presence of motile protists. Selected cultures from 2013 positive for the presence of trichomonads were subsequently transferred into TYM medium (Diamond 1957) . The cultures were maintained at 37 °C and subcultured every 3-4 days. A genomic DNA Mini Kit (Blood/Cultured Cell) (Geneaid, New Taipei City, Taiwan) was used to isolate DNA from the cultures and lysate of smear from the oral cavity of one dead nestling (isolate from this dead nestling was marked ʻCB'). Primers 16Sl (TACTTGGTTGATCCTGCC; Tachezy et al. 2002) and ITSF (TTCAGTTCAGCGGGTCTTCC; Čepička et al. 2005) were used to amplify SSU rDNA and ITS region together. The QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) was used to purify the PCR products. Subsequently they were bidirectionally sequenced on the ABI Prism 3100-Avant Genetic Analyzer (Applied Biosystems, Waltham, USA) using primer 1055 F (GGTGGTGCATGGCCG) in order to determine the sequence of the ITS region. Since all isolates had an identical sequence of the ITS region, SSU rDNA sequence was determined from only a single one (CB) using primers 16Sl, 514F (GTGCCAGCM-GCCGCGG), 1385R (GATCCTAACATTGTAGC), 1055R (CG-GCCATGCACCACC), 665R (ATACWCTAAGCGTCCTG), and 295R (AGTCCGACGGTAACCGC). Sequence data reported in this paper are available in GenBank under accession numbers KM095107 and KM095108.
We used R 2.12.0 (R Core Team 2010) for statistical analysis of the infection (binomial response -positive versus negative test). A series of models was created in order to shed light on the effect of individual variables. Three factors were taken into consideration: the sex of the nestling, the locality and the number of nestlings in the nest. Finally, the nested model with the effect of year was used. The data were tested for overdispersion (< 1) before the statistical analysis was performed. Comparisons of the models using ANOVA function followed after removal of each term and their interactions and only the factors of which removal indicated statistically significant change (P < 0.05) were retained in the resulting model.
reSulTS
The presence of trichomonads was tested in 168 nestlings from 23 urban nests (94 nestlings) and 17 rural nests (74 nestlings) in 2012 and in 130 nestlings from 19 urban nests (76 nestlings) and 14 rural nests (54 nestlings) in 2013. The presence of trichomonads was detected in 31 and 4 nestlings in Prague and 9 and 9 nestlings in Liberec region in 2012 and 2013, respectively (Table 1 ). In spite of the high percentage of parasitised birds in 2012, only a few birds with macroscopic lesions in the oral cavity were found. In contrast, all positively tested birds in 2013 showed necrotic lesions in the oral cavity. Statistical analysis revealed that triple interactions (year : sex : pull) were not significant (χ 2 = 10.232, df = 6, P = 0.115) and were consequently removed from following analyse. Male and female chicks were both infected without statistical significance (χ 2 = 3.203, df = 2, P = 0.201). The prevalence of infection caused by trichomonads in sparrowhawk nestlings was different between the two areas (χ 2 = 6.184, df = 2, P = 0.045). The number of nestlings in the nest was also found to have a highly significant result (χ 2 = 28.19, df = 2, P < 0.001), i.e. it affects the prevalence of trichomonads among the sparrowhawk nestlings. The infection risk in the urban area of Prague in 2012 was higher with more nestlings in the nest. However, the infection risk declined with more nestlings on the nest in the rural area of Liberec region in 2012. The results from 2013 show similar pattern for both the urban and rural environments (Fig. 2) .
Sequences of the ITS region of all nine isolates were identical and showed 98-100% homology with sequences of Trichomonas gallinae in GenBank. Phylogenetic analysis indicated that our isolates belong to the T. gallinae genotype B as defined by Sansano-Maestre et al. (2009) , and sequence group A as defined by Gerhold et al. (2008) (not shown). More specifically, they were identical with 15 GenBank sequences that represented 93 isolates obtained from birds of prey, songbirds, columbids and parrots in Europe, North America and Australasia ( Table 2 ). The SSU rDNA sequence of the isolate CB was identical with the GenBank sequence HG008106 of T. gallinae obtained from various European finches (Ganas et al. 2014) , confirming species identity of our isolates. Urban -Prague; rural -rural Liberec region.
diScuSSion
The origin of Trichomonas gallinae in sparrowhawks is unknown but feeding on infected prey such as pigeons and songbirds is considered the most likely source (Krone et al. 2005) . For a better understanding of the prevalence of the disease in sparrowhawk chicks, long-term study would be necessary. Nevertheless, results show a certain similarity in the prevalence of trichomonosis in sparrowhawk chicks from the rural area. Contrary to the rural area the urban area shows a year-on-year difference. Based on the results, it is possible that the natural prevalence of trichomonosis in sparrowhawk chicks is somewhere between 5% and 15%. This is similar to other accipiter hawks in rural areas such as the northern goshawk (Accipiter gentilis) (Linnaeus) (Cooper and Petty 1988 ) and Cooper's hawk -Accipiter cooperii (Bonaparte) (Boal et al. 1998 ). There was a considerably higher infection rate in sparrowhawk chicks in the urban area in 2012. Such a situation could be caused by the pandemic outbreak of trichomonosis in songbirds in the central part of the Czech Republic reported by the State (Duben and Vermouzek 2012) . Brood size obviously has a significant effect on the prevalence of trichomonads among the nestlings. In the event that the pandemic outbreak in the central Czech Republic had a detrimental effect on songbird populations and reduced numbers of some passerine species like in other countries (Robinson et al. 2010) , sparrowhawks could respond to such changes by alteration of diet. The urban population could transfer to feeding on columbids and thereby increase their chance of getting the infection. However, because the prevalence of trichomonosis in Prague's columbids is not known, this could be only one of many explanations. Another factor, responsible for the higher prevalence in larger broods in urban sparrowhawks, could be stress. In case of a decline in small-sized birds, due to a pandemic outbreak in the central area of the Czech Republic, larger broods of sparrowhawks could suffer from shortage of food. Subsequently, the stressed chicks would a have higher chance of developing the disease through reduced immunity. In addition, coping with other factors specific to urban environment, which affect physiological stress, can be important disease spread among nestlings (Koolhaas et al. 1999) .
Little is known about the differences in diet between the urban and rural sparrowhawk populations in the Czech Republic. Although the female sparrowhawk is able to predate on fully grown woodpigeons (Newton 1986), it is doubtful that pigeons are in a sparrowhawk's diet on a regular basis. In Prague where the concentration of pigeons is high, there is a higher chance of encountering weak and diseased pigeons that could be easily predated by sparrowhawks. Prey remains of columbids were found near the urban nests by the authors during the study. Urban pigeons were found to be highly infected by trichomonosis in several cities. Borgwardt (1996) detected T. gallinae in 89.6% of free-living feral pigeons from Halle/Saale in Germany.
If the prevalence in sparrowhawk chicks in the urban area in 2013 showed a similar pattern to 2012, we could assume that the high concentration of pigeons may play a role in the incidence of trichomonosis in sparrowhawks in this urban area. Although pigeons provide a large amount of food for the brood, it is small and medium-sized birds that dominate the diet (Newton 1986, Bujoczeck and Ciach 2009) . Explanation for such difference in prevalence of trichomonosis in sparrowhawk chicks in urban area in 2012 and 2013 is unfeasible due to many factors but the pandemic outbreak is the most likely the explanation.
The pathogenesis of trichomonosis in birds could be affected by several factors such as prevailing environmental conditions, physiology of the host and parasite, viability and quality of food, sibling competition and stress (Greiner and Ritchie 1994) . The immunity of the individual also affects the development of the infection (Samour et al. 1995) . Also, the disease would mainly develop in broods raised by younger-adult birds, which might be related to lower experience, resulting in poor chick condition (Newton 1979) .
The presence of T. gallinae in adult sparrowhawks was not investigated during this study but some adult sparrowhawks in Prague were found to show signs of trichomonosis (L. Peške, Prague, Czech Republic -unpubl. data). Adult birds are probably less susceptible to infection than nestlings (Urban and Mannan 2014) . Several nestlings showed visible signs of infection during sample collection. Granulomatous caseous growths within the oral cavity in some birds were developed to a state that they obviously prevented the bird from taking food. The presence of necrotic lesions in sparrowhawk nestlings during sampling differed between years.
The actual presence of the lesions is affected by some factors; environmental conditions, time of contamination, condition of the individual (Honigberg 1979) . Another factor is the presence of other infections such as Pseudomonas aeruginosa (Schroeter, 1872) (Samour 2000) . Such presence of other infectious organisms was not investigated. The mortality caused by trichomonosis in sparrowhawk nestlings was not measured but could be a limiting factor for the growth of the population, as in other species (Boal et al. 1998) .
Sequences of the ITS region of all our isolates were identical with of T. gallinae already described those in other studies. Those organisms, with identical ITS sequences, were isolated from various hosts from different continents such as America and Europe. The strain found in sparrowhawks is the same as that found in other birds such as passerines and columbiforms in Europe (Lawson et al. 2011 , Ganas et al. 2014 . The parasite transmission between columbids and passerine populations is probably through sharing food and water sources. The appearance of trichomonosis in sparrowhawks in the Czech Republic could be related to the spread of this disease from the UK to Fennoscandia and later to Central Europe reaching Austria and Slovenia in 2012 (Ganas et al. 2014 ).
The present study monitored trichomonosis in sparrowhawk chicks in a relatively small area of the Czech Republic. Further monitoring and research is needed to understand the prevalence of T. gallinae in prey species, especially in urban environments, the susceptibility of adult birds to trichomonosis, as well as the ecological factors and kind of prey related to the spread of the disease.
